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Abstract 
 
Infrared emission and infrared spectroscopy has been used to study a series of selected 
natural smithsonites from different origins.  An intense broad infrared band at 1440 
cm-1 is assigned to the ν3 CO32-  antisymmetric stretching vibration.  An additional 
band is resolved at 1335 cm-1.  An intense sharp Raman band at 1092 cm-1 is assigned 
to the CO32-  symmetric stretching vibration.  Infrared emission spectra show a broad 
antisymmetric band at 1442 cm-1 shifting to lower wavenumbers with thermal 
treatment. A band observed at 870 cm-1 with a band of lesser intensity at 842 cm-1 
shifts to higher wavenumbers upon thermal treatment and is observed at 865 cm-1 at 
400°C and is assigned to the CO32-  ν2 mode.  No ν2 bending modes are observed in 
the Raman spectra for smithsonite. The band at 746 cm-1 shifts to 743 cm-1 at 400°C 
and is attributed to the CO32-  ν4 in phase bending modes.  Two infrared bands at  744 
and around 729 cm-1are assigned to the ν4 in phase bending mode.  Multiple bands 
may be attributed to the structural distortion ZnO6 octahedron. This structural 
distortion is brought about by the substitution of Zn by some other cation. A number 
of bands at 2499,  2597, 2858, 2954 and 2991 cm-1 in both the IE and infrared spectra 
are attributed to combination bands. 
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Introduction 
 
 Smithsonite is a secondary mineral of zinc formed in the oxidation zone of 
zinc bearing ore bodies. hexagonal with point group 3bar 2/m.  The mineral is named 
for James Smithson, the founder of the Smithsonian Institution (USA).  The mineral is 
reknowned for its pearly lustre and comes in a range of colours which vary across all 
colours of the visible spectrum. Although it must be stated that no studies have been 
undertaken to explain the colours of smithsonite even though some chemical analyses 
of the coloured smithsonites have been undertaken. It is interesting that some 
chemical analyses of smithsonites from different origins was first published in 1898 
by W.O. Crosby. Carbonates with intermediate sized divalent cations normally 
crystallise in the calcite structure [1]. Those with larger cations have an aragonite type 
structure. 
 
 Of the secondary minerals of zinc only two minerals are known namely 
smithsonite and hydrozincite. The formation of these minerals is controlled by the 
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partial pressure of CO2  [2, 3].  According to the equation for the formation of 
hydrozincite 5ZnO(s) + 2 CO2 (g) ↔ Zn5(CO3)2(OH)6 (s) with logK = 10.32 [2]. Thus 
ZnO is unstable with respect to hydrozincite at partial pressures above 10-5.16.  If the 
partial pressure of CO2 increases above 10-1.41 smithsonite formation is favoured 
according to the reaction Zn5(CO3)2(OH)6 (s) + 3CO2 (g) ↔ 5ZnCO3 (s) +3 H2O (g).  
These results provide implications for the relative stability of hydrozincite and 
smithsonite. It is noted that hydrozincite may form from solutions resulting from the 
oxidized zone of a Pb-Zn ore body [2].  Thus zincite (ZnO) is a rare mineral and 
smithsonite is only stable at elevated CO2 partial pressures.  The partial pressure range 
for the stability of hydrozincite according to Williams is limited and no doubt this 
accounts for the scarcity of the mineral in nature [3].  The mineral can be readily 
synthesised in the laboratory and is often found in corrosion products of zinc [4-6]. 
 
The free ion, CO32- with D3h symmetry exhibits four normal vibrational modes; 
a symmetric stretching vibration (ν1), an out-of-plane bend (ν2), a doubly degenerate 
asymmetric stretch (ν3) and another doubly degenerate bending mode (ν4). The 
symmetries of these modes are A1´ (R) + A2´´ (IR) + E´ (R, IR) + E´´ (R, IR) and 
occur at 1063, 879, 1415 and 680 cm-1 respectively. Generally, strong Raman modes 
appear around 1100 cm-1 due to the symmetric stretching vibration (ν1), of the 
carbonate groups, while intense IR and weak Raman peaks near 1400 cm-1 are due to 
the antisymmetric stretch (ν3). Infrared modes near 800 cm-1 are derived from the out-
of-plane bend (ν2). Infrared and Raman modes around 700 cm-1 region are due to the 
in-plane bending mode (ν4). This mode is doubly degenerate for undistorted CO32- 
groups. As the carbonate groups become distorted from regular planar symmetry, this 
mode splits into two components. Infrared and Raman spectroscopy provide sensitive 
test for structural distortion of CO32-. 
 
Infrared and Raman spectroscopy has proven very useful for the study of 
minerals [7-9]. Indeed vibrational spectroscopy has proven most useful for the study 
of diagentically related minerals as often occurs with carbonate minerals [7, 10-22].  
The aim of this paper is to present infrared emission and infrared spectra of natural 
smithsonites and to compare the results with synthetic smithsonite and to discuss the 
spectra from a structural point of view. The paper is a part of systematic studies of 
vibrational spectra of minerals of secondary origin in the oxide supergene zone and 
their synthetic analogs.         
 
Experimental 
 
Minerals 
 
Selected minerals were obtained from the Mineral Research Company and 
other sources including Museum Victoria.  The samples were phase analysed by X-
ray diffraction for phase analysis and for chemical composition by EDX 
measurements.  
Mid-IR spectroscopy 
Infrared spectra were obtained using a Nicolet Nexus 870 FTIR spectrometer with a 
smart endurance single bounce diamond ATR cell. Spectra over the 4000−525 cm-1 
range were obtained by the co-addition of 64 scans with a resolution of 4 cm-1 and a 
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mirror velocity of 0.6329 cm/s. Spectra were co-added to improve the signal to noise 
ratio. 
      Spectral manipulation such as baseline adjustment, smoothing and normalisation 
were performed using the Spectracalc software package GRAMS (Galactic Industries 
Corporation, NH, USA). Band component analysis was undertaken using the Jandel 
‘Peakfit’ software package which enabled the type of fitting function to be selected 
and allows specific parameters to be fixed or varied accordingly. Band fitting was 
done using a Lorentz-Gauss cross-product function with the minimum number of 
component bands used for the fitting process. The Gauss-Lorentz ratio was 
maintained at values greater than 0.7 and fitting was undertaken until reproducible 
results were obtained with squared correlations of r2 greater than 0.995.  
 
Infrared emission spectroscopy 
 
Infrared emission spectroscopy was carried out on a Nicolet spectrometer, 
which was modified by replacing the IR source with an emission cell. Some studies 
[23-25] have shown the description of the cell and principles of the emission 
experiment. In this study, approximately 0.2 mg smitsonite were spread as thin layers 
on an about 6mm diameter platinum surface, which was held in an inert atmosphere 
within a nitrogen-purged cell during heating. The emission spectra were collected at 
intervals of 50°C over the range 100–1000 °C. Considering both precision and time 
efficiency, the spectra were acquired by co-addition of 1024 scans for the temperature 
from 100 to 250 °C (about 10 min 34 sec each time), 128 scans for the temperature 
from 300 to 500 °C (about 1 min 19 sec) and 64 scans for the temperature from 550 to 
1000 °C (about 40 sec), with a nominal resolution of 4 cm−1. Further details of the 
emission experiment have been published [26-30].  
 
Results and discussion 
 
Infrared spectroscopy 
 
 One method of studying the molecular structure of minerals is to measure the 
infrared spectrum. This technique enables information about the molecular structure 
to be obtained. The infrared spectra of a series of selected smithsonites of different 
origins (and different colours with different cationic substitutions) in the 900 to 1600 
cm-1 region are shown in Figure 1.  Infrared spectroscopy will not determine the 
varaiation of colours but shifts in bands may be attributed to the cationic substitution 
in smithsonite which may be the cause of the colours in smithsonites.  
 
 According to Farmer the infrared spectrum of smithsonite shows an intense 
band at 1440 cm-1 attributed to the ν3u vibrational mode.  The spectra are almost 
identical and show a non symmetric profile.  Hence component bands in the 1412 to 
1440 cm-1 may be resolved. The peak maxima in all of the spectra are around 1420 
cm-1.  This result differs from that reported by Farmer [1]. The question may be asked 
as to why there are significant component bands at around 1335 to 1389 cm-1.  One 
possibility is that this band is a hot band.  
 
Infrared emission spectroscopy 
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 One of several techniques available for the analysis of minerals is the 
technique of infrared emission spectroscopy. In this technique spectra are obtained as 
a function of temperature. Thus changes in the molecular structure over a wide 
temperature range may be obtained. The infrared emission spectra of smithsonite from 
New Mexico, cadmium smithsonite from Ireland, pink smithsonite from Namibia are 
shown in  Figures 2, 3 and 4 respectively.  The broad spectral profile centred upon 
1440 cm-1 in the 100°C spectra shifts to lower wavenumbers with thermal treatment. 
The peak is observed at 1429 cm-1 in the 400°C spectrum.  Intensity in this peak is 
lost by 450°C.  This temperature is the temperature for the decomposition of the 
carbonate in smithsonite. The temperature corresponds to the temperature of thermal 
decomposition as determined by thermogravimetric analysis. 
 
 In addition in the spectra in Figure 2, a band is observed at 870 cm-1 with a 
band of lesser intensity at 842 cm-1. The band shifts to higher wavenumbers upon 
thermal treatment and is observed at 865 cm-1 at 400°C. The ν2 bending mode for 
carbonates varies from around 890 cm-1 to 850 cm-1.  For smithsonite Farmer reported 
an infrared band at 870 cm-1 [1].   For hydrozincite the infrared band was observed at 
837 cm-1 [1].  In the infrared spectrum of synthetic smithsonite two bands are 
observed at 864 and 834 cm-1. These bands are assigned to the carbonate ν2 bending 
mode.  In this work no Raman bands are observed for the natural smithsonites in this 
position. The observation of more than one ν2 mode as in the IE spectra suggests 
symmetry reduction of the carbonate anion in the structure.  Intensity in this band is 
lost by 450°C.  The infrared spectra in this spectral region 750 to 900 cm-1 is shown in 
Figure 5.   The spectra are very similar for each of the smithsonites even though the 
composition and consequential colour is different for each of the minerals. The 
spectral profile is complex which may be resolved into component bands. Two bands 
at around 867 and 838 cm-1 are observed in each of the spectra. In the infrared data 
reported by Farmer and based upon the work of Huang and Kerr, only a single band at 
870 cm-1 was reported [1, 31].  Moenke also pointed out that some band shift for 
smithsonites when isomorphic substitution of Zn by Fe in smithsonites occurs [32].  
The importance of infrared emission spectroscopy in mineral research on the planet 
Mars has been stated [33]. In this work the bending mode was found at 882 cm-1 [33].  
This position appears high compared with the position of the band found in this work.  
 
In the IE spectra a band is observed at 746 cm-1 which shifts to 743 cm-1 at 
400°C. This band is attributed to the carbonate ν4 in phase bending modes. For 
smithsonite only a single band at 730 cm-1 is observed. Farmer reported only a single 
band for smithsonite at 733 cm-1. In the infrared spectrum of synthetic smithsonite 
two bands at 743 and 715 cm-1 are observed (this work).  Interestingly Farmer (based 
upon the work of Moenke [32]] reported two infrared bands for hydrozincite at 738 
and 710 cm-1[1].  In the infrared spectrum of synthetic hydrozincite a broad complex 
spectral profile is observed with two bands at 737 and 707 cm-1 observed.   Intensity 
in this band in the IE spectra at 746 cm-1 is also lost by 450°C.  Farmer based upon the 
work of Huang and Kerr stated the position of this bending mode to be at 743 (ν4U) 
and 733 cm-1 (ν4g) [1, 31].  Lane in the infrared emission work found the position of 
the band to be at 742 cm-1 [33].   In the infrared spectra of smithsonite in the 650 to 
750 cm-1 region a strongly asymmetric profile is observed (Figure 6).  Two distinct 
bands are observed at 744 and around 729 cm-1.  The observation of more than one 
band in this spectral region suggests a reduction in symmetry of the carbonate anion.  
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 The infrared emission spectra in the 2250 to 3800 cm-1 region of smithsonite is 
shown in Figure 7.  In all of the spectra of smithsonites in this spectral region, several 
bands are observed. The first two occur at 2499 and 2597 cm-1 shifting to 2503 and 
2586 cm-1 at 400°C.   The second set of bands occur at 2858, 2954 and 2991 cm-1. 
The intensity of these bands decreases to zero at 500 °C.  As for the other spectral 
regions the bands appear to be associated with the carbonate anion. It is proposed that 
these bands are due to overtone and combination bands. For example the band at 2499 
cm-1 is a combination of the ν1 and ν3 vibrational modes.    
 
Infrared bands in the 1600 to 3600 cm-1 region are shown in Figure 8.  The 
bands in this spectral region are of low intensity. The combination bands observed in 
the IE spectra are also observed in the room temperature spectra. Two combination 
bands are observed in each of the spectra at around 2497 and 2600 cm-1. Another band 
is observed at around 2832 cm-1. the 2832 cm-1 band may arise from the first 
fundamental overtone of the ν3 band at around 1440 cm-1.  
Conclusions  
 
 Of the secondary minerals of zinc only two minerals are known namely 
smithsonite and hydrozincite and their formation of is controlled by the partial 
pressure of CO2  according to the reactions  
5ZnO(s) + 2 CO2 (g) ↔ Zn5(CO3)2(OH)6 (s) and   
Zn5(CO3)2(OH)6 (s) + 3CO2 (g) ↔ 5ZnCO3 (s) +3 H2O (g).  If other cations are 
present during these reactions the these may be incorporated into the smithsonite 
structure. It is enviasged that as smithsonite crystallises from solution according to the 
reaction: Zn2+ + M2+ +(CO3)2-  → ZnM(CO3) (s) where M2+ may be cations like Fe, 
Co, Mn, Cd, Cu and others. The question arises whether this partical replacemnt of Zn 
effects the vibrational spectra of smithsonite. In the laboratory smithsonite is formed 
according to the following reaction: 
ZnCl2 (soln) + 2NaHCO3(soln) ↔ ZnCO3 (s) + CO2 (g) + 2NaCl(soln)+ H2O 
 
 
 In this research both the infrared and infraed emission spectra of selected 
smithsonites from different origins were obtained to characterise the structure of 
smithsonites. An intense broad infrared band at 1440 cm-1 is assigned to the ν3 CO32-  
antisymmetric stretching vibration with an additional band resolved at 1335 cm-1.   
The Raman spectrum of and smithsonite shows intense sharp bands at 1092 cm-1 
assigned to the (CO3)2-  ν1 symmetric stretching mode.  Raman bands for synthetic 
smithsonite are observed at 1408 cm-1 ascribed to the ν3 (CO3)2- antisymmetric 
stretching mode.  The bands observed at 870 and 842 cm-1 shifts to higher 
wavenumbers upon thermal treatment and is observed at 865 cm-1 at 400°C and is 
assigned to the CO32-  ν2 mode.  No ν2 bending modes are observed in the Raman 
spectra for smithsonite. Two infrared bands at  744 and around 729 cm-1are assigned 
to the ν4 in phase bending mode.  Multiple bands are attributed to the structural 
distortion ZnO6 octahedron brought about by cation replacement.  For smithsonite 
only a single Raman band at 730 cm-1 is observed. In contrast multiple bands are 
observed for the carbonate ν4 in phase bending modes in the Raman spectrum of 
hydrozincite with bands at 733, 707 and 636 cm-1.  The number of bands observed in 
this spectral region may be attributed to the structural distortion of the mineral.  
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 It is concluded that although small amounts of cations such as Fe, Co, Mn, Cd, 
Cu substitute for Zn in smithsonite their effect on the vibrational spectroscopy of 
smithsonite is minimal. Whereas the effect on the colour of the mineral is quite 
significant and results in smithsonites being of many and varied colours. Changes in 
both the infrared and Raman spectra are only observed in the ν2 and ν4 bending modes 
brought about the structural distortion ZnO6 octahedron.  
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3330 251.7 3.45                
   2832 63.5 0.57             
2495 69.6 1.65 2494 49.3 1.27 2493 63.2 1.12 2508 158.3 3.22 2506 110.0 2.40 2497 75.3 1.54 
2363 17.0 0.11                
2336 64.6 0.50                
         2176 84.8 1.18       
      1822 13.5 0.08          
1813 31.0 0.33 1812 24.6 0.45 1807 19.0 0.26    1813 27.2 0.25 1813 31.2 0.36 
               1509 53.3 2.01 
1485 100.9 10.41 1487 96.3 13.59 1486 88.3 12.23 1483 95.6 16.44 1491 94.2 13.01    
               1440 127.6 15.12 
               1436 129.9 26.35 
1412 71.9 10.61 1416 82.3 17.40 1420 85.3 25.62 1418 85.2 27.37 1418 93.5 23.59 1418 37.5 2.08 
1389 164.4 33.47 1376 160.0 27.66             
      1357 173.7 24.65 1359 138.8 17.08 1358 154.6 25.34    
               1335 182.5 23.10 
         1240 227.9 21.93 1222 207.9 19.79    
      1195 315.5 25.98          
               1152 264.6 20.01 
1231 249.1 26.44 1236 241.8 26.58             
         1086 25.5 0.14       
1045 112.8 2.56 1037 173.1 2.51    1051 159.7 2.15 1046 160.4 2.43    
961 73.0 1.01       946 47.4 0.90       
872 12.4 1.02 874 10.3 0.75 873 12.0 1.72 874 10.4 0.92 873 14.4 1.32 874 11.4 1.27 
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863 18.0 2.08 867 13.7 1.77 864 13.4 1.95 867 13.5 2.11 864 19.1 2.02 867 13.9 1.91 
844 32.6 2.14 857 19.0 1.57 853 15.0 0.96 856 18.7 1.60 846 32.9 1.83 855 16.7 0.98 
840 3.2 0.02 840 5.4 0.11 840 10.5 0.22 840 10.7 0.31 840 4.3 0.03 840 6.0 0.14 
   838 30.8 1.55 834 34.0 1.33 832 37.2 1.37    839 33.8 1.35 
811 56.6 1.64 807 39.2 1.13 799 48.1 1.06 795 42.2 0.75 812 51.5 1.22 802 49.6 1.10 
   778 21.8 0.21             
744 7.3 0.62 743 7.0 0.64 744 6.5 0.74 744 6.8 0.68 744 7.2 0.66 744 6.5 0.71 
738 10.9 0.48 738 11.1 0.58 739 8.8 0.52 739 9.9 0.53 738 8.1 0.30 739 9.8 0.54 
729 18.8 0.50 727 20.1 0.67 732 14.0 0.48 731 16.0 0.50 729 14.9 0.58 730 16.3 0.49 
712 34.6 0.58 707 25.6 0.61 719 25.3 0.64 717 25.7 0.48 712 33.3 0.55 714 32.6 0.59 
      693 32.9 0.45 690 48.6 0.33       
676 70.2 0.38 683 67.9 0.38       677 13.5 0.22 684 64.0 0.34 
            525 0.0 4.47    
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Table 1 Table of the infrared spectra of selected smithsonites
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